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apparatus of said second member the shift <DELTA>f of the frequency of the receiver signal from said 
predefined frequency; and e. Determining by said second member the direction in whbh the said 
frequency shift is positively maximized, said direction indicating the direction to he firsi member. 
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A METHOD FOR CARRYING OUT AN UNDERWATER SEARCH 
AND LOCATION. AND UNDERWATER SYSTEM BASE! 3 ON SAID 

METHOD 

Field of the Invention 

The invention relates to a method based on the Doppler effect for searching 
and locating of moving and stationary persons and objects un ierwater, and 
to a system for carrying out said method. 

Background of the Invention 

The necessity of monitoring persons, animals or objects and finding their 
actual location when required, has led to the development of nany location 
systems. There are known different methods for determining :he location of 
a person or object, and different conventional systems have bsen developed 
for that purpose. Naturally, most of the systems and methods relate to 
surface, i.e., ground locating, and these methods and systems cannot be 
effectively used underwater. 

Of course, generally, locating requires some kind of communication between 
the searching member and the monitored object. It is known that 
electromagnetic waves significantly attenuate when propagating through 
water. In practice, electromagnetic communications is not used in short 
range underwater communication, as the transmission device needs to 
apply high power, and use of extremely long antennas is required in both 
the transmitting and receiving ends. For short range underwater 
communication, and/or for carrying out searching-locating tasks 
underwater, conventional systems apply sound and ultrasound acoustic 
waves, generally in the frequency range of 5 kHz - 600 kHz. 



Most of the prior art monitoring, locating, and searching systems,, although 
operating underwater with ultrasonic waves, apply similar techniques to 
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those used by similar surface systems on the ground, which operate with 
electromagnetic waves. 

The need for monitoring and locating divers is of great impoitance. The art 
has devoted considerable efforts to the need of increasing the safety of 
diving, and particularly for enabling divers to communicate between them, 
and/or with a monitoring unit, being, for example, a boat. For example, 
copending Israeli Application No. 121561, filed August 18, IE 97, discloses a 
personal, portable communicating device, that can be carried by an 
individual diver, and that enables a diver to send or receive cnessages to or 
from other diver/s, and/or base station/s. This device and prior art devices 
enable the transmission of an emergency signal by a diver in distress. In 
that case, it is generally of great importance to immediately locate that 
diver, and to dispatch to him one or more rescue divers. 

For that purpose, it is of course preferable to provide to divers, a portable 
device that can both transmit and receive messages, particularly emergency 
messages, and that can further locate the device that initiated the 
emergency signal. 

Devices which are capable, of receiving an emergency message from an 
underwater device, tracking its location, and/or finding the direction, exist 
in the art. For example, FR 2,724,363 discloses a system for locating divers 
in distress. The system includes a first portable device carried by a diver, 
which is capable of transmitting an ultrasonic emergency signal, and a 
second device that is capable of receiving the said emergencj' signal. By use 
of a highly directional ultrasonic antenna, generally also referred to as a 
hydrophone or transducer at the receiving device, a diver carrying the 
receiver can locate the direction from which the emergency signal is 
transmitted, by searching for the direction from which a mfodmal power is 
received. 
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Other apparatuses are known which combine the features Df sending and 
transmitting messages and of finding the location or direction of a diver in 
distress. However, these apparatuses, such as the apparatuses based on the 
method of FR 2,724,363, suffer from a major drawback. In )rder to enable 
the transmission of general messages, including the emergency message, 
the transceivers have to have an omnidirectional ultrasonic antenna 
(hydrophone). However, in order to carry out the loca dng task, the 
transceivers have to use a highly directional ultrasonic ante ina. Therefore, 
two separate antennas are required in each transceiver fcr carrying out 
these tasks. Moreover, directional hydrophones such as those used by the 
prior art devices generally have an elongated shape, they are relatively 
long, they generally occupy larger volume than omnidirectional 
hydrophones, and weigh more. Of course, any reduction in the volume and 
weight of a portable apparatus for divers is important. 

It is an object of the invention to provide a method for locating a diver in 
distress in a simple, compact and low-cost manner. 

It is another object of the invention to provide a method for locating a diver 
in distress, which requires the use of an ultrasonic omnidirec tional antenna 
at the locating device. 

It is a further object of the invention to provide a portable transceiver for 
divers in which each transceiver is capable of transmitting and receiving a 
plurality of different messages, particularly an emergency message, and is 
further capable of locating the direction from which an emergency message 
is transmitted. Each transceiver uses for these purposes only a single 
omnidirectional ultrasonic antenna (hydrophone). Of course, the cost of such 
a transceiver is reduced when cordpared with a similar transceiver having 
two antennas: a first omnidirectional antenna for transmitting and 
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receiving messages from all directions, and a second, highly directional 
antenna for carrying out the locating task. The size and weight of the 
transceiver according to the invention is therefore significantly reduced. 

It is a further object of the invention to provide a method for carrying out 
navigation underwater. 

It is still another object of the invention to provide an und srwater beacon 
for navigation, which is based on the Doppler effect, and can be used for 
locating specific locations underwater. 

Other objects and purposes of the invention will become apparent as the 
description proceeds. 

Summary of the Invention 

The invention relates to a method for carrying out the location of a first 
member (hereinafter also referred to as "member B") by a second member 
(hereinafter also referred to as "member A"), both members being 
underwater, and being in relative motion with respect to each other, 
comprising: 

a. Predefining an ultrasonic frequency common to both said r members; 

b. Providing to the first member a transmitting appara\us suitable to 
transmit said common frequency, and to the second member a receiving- 
locating apparatus tuned to receive in said common frequency; 

c. Transmitting into the water from the location of said nrst member a 
signal in the form of an ultrasonic wave, having said predefined frequency; 

d. Determining by the apparatus of said second member th€ shift Af of the 
frequency of the received signal from said predefined frequency; and 

e. Determining by said second member the direction in which the said 
frequency shift is positively maximized, said direction indicating the 
direction to the first member. 



4944AVO/98 



-5- 

The frequency shift A/* is expressed by the following formula: 



l-r 



2.4i 



-cos<p 



wherein v denotes the absolute velocity of the second member in some 
arbitrary direction, cp denotes the angle between the directioi of movement 
of the second member, and the direct line connecting the locations of the 
first and second members, c 0 denotes the propagation velocity of the said 
ultrasonic wave in the water, and z is the depth of the first mumber. 

Preferably, the first and second members are devices provided to divers, and 
the signal is an emergency signal activated by a diver in distr >ss. 

The invention further relates to a system for locating objects underwater 
which comprises: 



a) . A transmitting device attached to a first object to be located, comprising: 

- A signal generator for generating a signal, the frequency f Q of which is 
in the ultrasound range; 

- A transmitting hydrophone for receiving said signal, for transforming 
the same into an ultrasonic wave, and for transmitting the same into the 
water; 

and 

b) . A receiving-locating device carried by a second object searching the 
direction to said first object, comprising: 

- A receiving hydrophone for receiving the ultrasonic wave which is 
transmitted by the transmitting device of said first object, and transforming 



4944AVO/98 



-6- 

it into an electrical signal; 

- An FM detector tunable to f Gf to receive the electrical jignal from the 
hydrophone, and to output an indicating voltage, the amplitude of which 
corresponds to the frequency shift A/* between the electrical signal and the 
frequency f a of the ultrasonic wave transmitted by the transmitting device 
of said first object; 

- Indication means for indicating the intensity and polarity of said 
indicating voltage. 

Preferably, the second object and the first object are two divers, and the said 
signal generator is activated by the first diver in distress, thereby 
generating a signal defined as an emergency signal. 

Preferably, the transmitting device is further provided with a button, that, 
when pushed by the diver, activates the emergency signal. 

According to one embodiment of the invention, the indicat on means is a 
visual indicator, such as an analog indicator in the foim of a scale. 
Alternatively, the visual indicator can be, for example, an indicator 
comprising lighted segments, each segment representing a range of voltage 
of the indicating voltage, and the single segment which is lighted 
corresponds to the level of the indicating voltage at that time 

According to another embodiment of the invention, the indication means is 
a digital indicator. 

According to still another embodiment of the invention, the indicating 
means is a sound indicator, such as the earphones of the diver. The 
indicating voltage is transformed into a sound signal, the frequency of the 
sound signal relates to the intensity and polarity of the indicating voltage, 
and said sound signal is transformed into the sound indicator. 



4944/WO/98 



-7- 

Brief Description of the Drawings 

In the drawings: 

- Fig. 1 depicts an illustrative path along which a member is. is directed, to 
locate a member B. 

- Fig. 2 illustrates two members A and B, while member A is ]n movement. 

- Fig. 3 describes in block diagram the basic structure of tt e transmitting 
device, according to one embodiment of the invention. 

- Fig. 4a describes in block diagram the basic structure ol the receiving- 
locating device according to one embodiment of the inventi< n. Fig. 4b is a 
diagram showing the linear relationship between the output Rout from the 
FM Detector (FMD) of the receiving-locating device and Af. Fig. 4c is a block 
diagram illustrating the structure of the FMD according to o ae embodiment 
of the invention 

- Fig. 5 is a block diagram describing in more detail the structure of the 
transmitting device according to one embodiment of the invention. 

- Fig. 6 is a block diagram describing in more detail the structure of the 
receiving-locating device according to one embodiment of the invention. 

- Fig. 7 illustrates means for indicating the level of 'the 'frequency shift Af at 
the receiving-locating device according to one embodiment of the invention. 

- Fig. 8 illustrates means for indicating the level of the freqi: ericy shift Af at 
the receiving-locating device according to another embodiment of the 
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invention. 

Detailed Description of Preferred Embodiments 

Fig. 1 shows two divers A and B, underwater. Assuming that diver B is in 
distress, and transmits an emergency signal, diver A shouid be provided 
with means for reaching diver B. Assuming that diver B cooperates with 
object A, or is passive, and that diver A is capable of moving in space in all 
directions without limitations, as is generally the case in water, Fig. 1 
shows a possible route by which diver A can reach diver B. Ai shown, if A is 
given, at any location along his route, the general directior. to B t and he 
accordingly moves in that direction, he will locate and reach liver B. Ai, A2, 
A3, and A4, indicate possible locations along the route that A moves in order 
to reach object B. Of course, the more accurate the direction :o B that diver 
A is given, the shorter the route to B. The present invention provides a 
mechanism for diver A, upon receiving an emergency signal initiated by 
diver B, to find the direction to diver B. The direction to dr er B that A is 
given by means of the invention is much more accurate than s shown in the 
general example of Fig. 1. 

More particularly, the invention provides means to diver A for finding the 
direction to diver B, upon receiving the emergency signal sei.t by the device 
carried by diver B. According to one embodiment of the invention, the said 
emergency signal is a pure ultrasonic sine wave, with a kncwn, predefined 
frequency fo, that is transmitted into the water by means of a suitable 
antenna, such as a hydrophone. The sine shape of the signal is only one 
possibility. Other shapes of signals can also be used. A carries a device that . 
is tuned to the said predefined frequency fo and is capable of receiving said 
emergency signal. If both divers A and B are static relative to each other, 
the emergency signal is received by the device of A in the same frequency fo. 
However, due to the high influence of the Doppler effect on ;he propagation 
of ultrasonic waves in water, if a relative displacement exists between 
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divers A and B during the propagation period of the signa., the received 
frequency at A will differ by a measurable amount from the frequency f„ of 
the transmitting signal. The frequency difference (hereinafter also referred 
to as the "frequency shift") Af between the frequency of the transmitted 
signal, fo, and the frequency of the signal received at A, depends, of course, 
on the relative velocity between A and B. More particularly the frequency 
difference A/* can be expressed by the following formula, wh<=n substituting 
the model which appears, for example, in "Computational 0 :ean Acoustic", 
page 162, F.B. Jensen, W.A. Kuperman, M.B. Porter, H. Schmidt, AIP 
Press, New York, (1994) in the conventional Doppler formula 



A/ = +/. 



! + - 



2Az 



-cos<p 



wherein v denotes the absolute velocity of object A in some arbitrary 
direction (ass umin g that the direction to B is not exactly known to A, and 
therefore A moves in an arbitrary direction), q> denotes the angle between 
the direction of movement of A and the line A-B, as shov n in Fig. 2, Co 
denotes the propagation velocity of the ultrasonic wave of the emergency 
signal in the water, generally about 1550m/s, and z is the depth in meters of 
object B. It is interesting to note that even for a very small l elative velocity 
between A and B, such as the average swimming velocity of a diver, the 
amount of the frequency shift Af can be easily measured. It should be rioted 
here that if A moves towards B (or . A and B move one toward, ; the other), the 
resulting Af is positive; however, if A moves away from B, of course, the 
resulting is negative. The sign of Af can be easily determined by suitable 
means, as hereinafter elaborated in detail. 

For example, for a typical case, where the emergency frequency f Q is 
predefined to be 40 kHz, the depth z of the diver transmitting the signal is 
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7m, Co is 1550m/sec, and the angle <p is 30°, a frequency shift Af of 22.46Hz 
will result, due to the Doppler effect. 

In order for A to find the direction to B, the following two conditions must be 
fulfilled: 

(a) . For having a frequency shift due to the Doppler effec, between the 
predefined frequency for the emergency signal that B transmits and the 
frequency that A receives, there should be some relative velocity between A 
and B. More particularly, as A cannot count on B to move (assuming diver B 
is in distress), it is preferable that diver A moves. 

(b) . It is clear from the above formula that Af is positively naximized only 
when the absolute velocity between divers A and B is maximized, which 
occurs where (p=0. For determining the correct direction :o B, i.e., the 
direction in which (p=0, diver A should determine the directicn in which the 
frequency shift Af due to the Doppler effect is positive y maximized, 
assuming that v is constant. 

Condition (a) can be easily fulfilled, as at least the searching diver- A is 
generally in some movement in some arbitrary direction, evei. if the diver in 
distress, B, is not. Of course, for the purpose of the inventior it is sufficient 
that one of the divers, either A or B, moves. 

Condition (b) can be fulfilled by providing diver A with suitable means, as 
hereinafter described, for finding the direction in which Af due to the 
Doppler effect is positively maximized. Diver A should jast correct his 
direction of movement to achieve a maximum positive Af, according to the 
means he is provided with, which measures and displays the level of Af. If a 
negative Af is determined, the diver should switch his direction of diving by 
180°, and continue to look for the direction in which Af, as appears on the 
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display, is positively maximized. 

The said method is particularly applicable for finding the direction in water, 
where ultrasonic waves are almost the exclusive means for coirununications, 
as, when an ultrasonic wave propagates through water, the Doppler effect 
causes a significant shift to the frequency of the propagated si,jnal. 

According to the simplest embodiment of the invention, a div^r in action B, 
hereinafter "the active diver", is provided with a device capable of 
transmitting into the water an emergency signal. Said emerg ;ncy signal is, 
according to one embodiment of the invention, a pure ultrasonic sine. 
Another diver A, hereinafter "the supervising diver", is in ,urn provided 
with another device, a receiving-locating device. 

The basic structure of the transmitting device 4, in its simplest form, 
according to one embodiment of the invention, is shown in Fi^. 3. The said 
transmitting device is provided with an emergency push butto i 1. When the 
diver in distress pushes button 1, it causes the signal g inerator 2 to 
generate an ultrasonic signal having a frequency f Q . This frecuency is then 
provided into a transmitting hydrophone 3, which transmits a pure 
ultrasonic sine wave in the form of fr(t)=A,utcos(2Kfot) into the ^vater. 

Fig. 4a shows the basic structure of the receiving-locating d ivice 5, in its 
simplest form, according to one embodiment of the invention. As shown, 
after propagating through the water* the emergency signal in ihe form of: 
fn(t) = Amcos [2K(f 0 +£Dt+B]+n(t) is received by the receiving hydrophone 21. 
Ain indicates the amplitude of the received signal, Af indicates the frequency 
shift due to the Doppler effect, 9 indicates some random phase, and n(t) 
indicates the additive noise. From the receiving hydrophone 23., the signal is 
conveyed into an FM Detector (FMD) 22. Said FMD is tuned to a central 
frequency f 0 , as predefined for the emergency signal. From the FMD 22, a 



4944AVO/98 



-12- 

DC output Rout= KFM &f, which linearly correlates to Af is out putted. Fig. 4b 
shows the relationship between Rom and A/*, wherein tanu = Kfm. More 
particularly, the parameter tana = Kfm is an internal parameter of the FMD 
22, actually representing the sensitivity of the FMD 22. 

Fig. 4c is a block diagram illustrating the structure of the FMD 22 according 
to one embodiment of the invention. A signal f R {() = A in cos[27i (J Q + A/V 4- 6] is 
provided from the hydrophone 21 to the bandpass filter 221, wherein 
^represents the amplitude of the signal, fo is the frequency in which the 

signal was transmitted by the transmitting device, Af is the frequency shift 
due to the doppler effect in the water, and 9 is the plase shift. The 
bandpass filter, the central frequency of which is located a: f Q eliminates 
the out-of-band noise from the signal. The signal is then d: ft erentiated by 
block 222, which performs the following operation of -K d on the signal, 
wherein KdAs a constant. The resulted output from block 222 is therefore: 

27tK d A in {Jo + A/) sin[27T(/ 0 + &f)t + 6)] . 
This signal is then provided to an envelope detector 223, v hich outputs a 
signal in the form of 

2KK d A in (Ja+Af). 

the signal is then passed through a low pass filter 224, which further 
reduces noise which was added to the signal in the the prev pus processing. 
A signal in the form of 

^Oo+AO, K m ^27cK d A in 

is then outputted from the low pass filter 224, and is provided to a 
summation block 225. The summation block 225 receives the signal from 
the low pass filter at its first input, and substracts from it another signal, 
^fw/o w hich is provided to it at its second input. The resulted output, 
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^o«r = A^^A/ is a DC signal, the intensity of which is directly proportional to 

A/. It should be noted that / D is a known parameter that it predefind for 

and is the same in both the receiving and the transm tting devices, 
A ln which is the amplitude of the signal inputted to the FMD unit 22 is a 

known constant, as it is the level to which the received signal is normalized, 
e.g., by an AGC (automatic gain control) block (not shown). K d is the gain of 

the differntiating block 222. Therefore, the input ^™/ 0 t> block 225 is 

bases on parameters that are all known. 

It should also be noted here that the invention is not limited to a particular 
type of FM detector, and any type of an FM detector can be ised. The only 
important parameter that has to be accurate is the tuning of the FMD 22 to 
the frequency fo. Said frequency f 0 is predefined so that the frequency fo of 
the transmitting device 4, and the frequency fo to which the FMD 22 of the 
receiving device is tuned, are the same. 

The hydrophones 3 of the transmitting device 4 and 21 of the receiving- 
locating device 5 are omni-directional hydrophones. Generally, when 
necessary, the same hydrophone can be used for both trsnsmitting and 
receiving. In difference from locating devices of the prior ;irt in which a 
directional hydrophone is required at the receiving-locating device, in the 
receiving-locating device of the present invention an o:nni -directional 
hydrophone can be used. As can be apjprecxated by those skill id in the art, it 
is an advantage, as the use of omiu-directional hydrophones allows 
combining in the same device other features, such as the receiving of 
general messages from any direction, with no necessity to us * two separate, 
directional and omni-directional hydrophones, for carrying out these two 
main features. Moreover, the use of a directional hydrophone, which as said 
hereinabove, is long, heavy, and has a large volume, is eliminated. 
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A more detailed scheme of the transmitting and of the re :eiving-locating 
devices is shown in Figs. 5 and 6, respectively. As showi in Fig. 5, the 
transmitting device 4 comprises a sine wave generator (SG) 2, which is 
activated when the diver pushes the emergency button 1, a ;)ower amplifier 
(PA) 6 for amplifying the sine wave, and an omni-directiona I hydrophone 3 
for converting the electrical sine into an ultrasonic wave, and transmitting 
the same into the water. The receiving-locating device 5 (Fig 6) comprises a 
hydrophone 21 for receiving the ultrasonic signal, and converting the same 
into an electrical signal, and an amplifier 24 for amplifying the s am e, and 
transferring it into a bandpass filter (BF) 25. The bandpaj s filter 25, the 
central frequency of which is f Cy is used for reducing the noise which is 
added to the signal in the water. The bandwidth of the BF 25 is set to be 
2tsfmox, wherein Afmox is the frequency shift related to the m iximal possible 
velocity v ma x. Then, the signal from the bandpass filter 25 i ; conveyed to a 
limiter (LM) 26, which limits the signal to a certain level, >uitable for the 
input of the FMD 22. The FMD 22 is tuned to a frequency f c which it needs 
for its operation. From the FM detector 22, a DC voltage Rout, which is 
proportional to the frequency shift kf due to the Doppler eff set, is conveyed 
to the display or sound means (DS) 27 for indicating the kvel and sign of 

Rout. 

The display or sound means 27, for indicating the level and sign of Rout, are 
also conventional, and can have different forms. According to one 
embodiment of the invention shown in Fig. 7, the display or s ound means 27 
comprises lighting segments 41 for indicating the level of A f (indicative by 
Rout), are used. For example, if a DC level of +4V of Rout repre sents a Af shift 
of 40Hz, and -4V of Rout represents a Af shift. of -40Hz, then, a level of +2V 
relates to a /Sf shift of 20Hz. Fig. 7 shows how a shift of -2(X3z is indicated; 
The scale 43 adjacent to the lighting segments indicates the xequency shift. . 
According to another embodiment of the invention shown in Fig. 8, the 
display or sound means 27 comprises . a conventional ar .alog scale. As 
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shown, the scale 28 indicates negative or positive shifts accoi ding to the DC 
level of Rout. According to still another embodiment of the invention (not 
shown), the DC voltage of Rout may be converted into an aucible signal, the 
frequency of which depends on the DC level of Rout. The auc ible signal can 
be then provided into the earphones of the diver. In order tn find the right 
direction, the diver should try to detect the direction in which the frequency 
of the audible signal is maximized. Although three different means for the 
display or sound means 27, have been described herein, many other 
indication means can be adapted for that purpose by those sk illed in the art. 

The receiving-locating device 5 preferably further comprises a decoder 31 
(shown in Fig. 6), which receives the output of the bandpas:. filter 25. Said 
decoder 31, i mm ediately upon detecting any sine signal at ti e output of the 
bandpass filter 25, the frequency of which is between f>-Af and fo+Af, 
outputs a signal in the form of a beep, or a series of beeps, to speaker 32, to 
alert the diver carrying the device that an emergency signal has been 
detected. After hearing the beeps, the diver can carry out th* locating of the 
diver sending the emergency signal, according to the procedure as 
described. 

Furthermore, it is, of course, highly preferable to combine in one device both 
the feature of transmitting an emergency signal, and of receiving and 
locating the direction to the device transmitting the emergency signal. 
Based on the above description, the ways of combining these features 
together in one transceiver-locator device are trivial, and well known to 
those skilled in the art, and therefore will not discussed here in in detail. 

The invention also relates to a method for navigatir g underwater. 
According to one embodiment of the invention, a transmitting device 4, such 
as hereinabove described, is used as a beacon to mark a s pecific location 
underwater. The transmitting device 4 continuously transmits an ultrasonic 
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sine wave into the water by an omni-directional hydrophone, in the same 
way as an. emergency signal is transmitted by a diver n distress, as 
hereinabove described. A diver who wants to locate the beacon,, to find the 
direction to the beacon, or to arrive at the location in which the beacon is 
mounted can do so, in the same way as diver A, using the rec eiving-locating 
device 5, locates diver B in distress, who activates an emergency signal. 
However, as in this case, the beacon is generally static and ioes not move, 
therefore, the diver who operates the receiving-locating devio; 5 has to move 
in order to cause a Doppler frequency shift, and to be able tc maximize this 
shift while searching the direction to the beacon. The beacon itself can also , 
for example, be attached to a boat, thereby enabling a diver to locate the 
direction to his boat. It is preferable also that in a system a :cording to the 
invention, two different frequencies be defined, a first, emergency frequency 
for the purpose of locating a diver in distress, and a second frequency for 
navigating or locating objects, such as beacons as described. 

While some embodiments of the invention have been describe d by way of 
illustration, it will be apparent that the invention can be :arried into 
practice with many modifications, variations and adaptatior s, and with 
the use of numerous equivalents or alternative solutions that are within 
the scope of persons skilled in the art, without departing fro en the spirit 
of the invention or exceeding the scope of the claims. 
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CLAIMS 

1. A method for locating a first member by a second member both members 
being under water and being in relative motion one with respect to the 
other, comprising: 

a. Predefining an ultrasonic frequency common to both said r lernbers; 

b. Providing to the first member a transmitting appara ;us suitable to 
transmit said common frequency, and to the second memt er a receiving- 
locating apparatus tuned to receive in said common frequenc /; 

c. Transmitting into the water from the location of said irst member a 
signal in the form of an ultrasonic wave, having said predefii Led frequency; 

d. Determining by the apparatus of said second member th<t shift Af of the 
frequency of the received signal from said predefined frequer cy; and 

e. Determining by said second member the direction in vhich the said 
frequency shift is positively maximized, said direction indicating the 
direction to the first member. 

2. A method according to claim 1, wherein members A and B are devices 
provided to divers. 

3. A method according to claim 1, wherein the frequency slift Af is caused 
by the Doppler effect. 

4. A method according to claim 3, wherein the frequency shift Af is 
expressed by the following formula: 
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wherein v denotes the absolute velocity of member A in i ome arbitrary 
direction, cp denotes the angle between the direction of movenent of member 
A, and the direct line connecting members A and B, c, , denotes the 
propagation velocity of the said ultrasonic wave in the water, and z is the 
depth of member B. 

5. A method according to claim 1, wherein the signal is an en.ergency signal 
activated by a diver in distress. 

6. A method according to claim 1, wherein the signal transmitted by the 
apparatus of the first member is a sine or cosine-shaped sign; JL 

7. A system for locating objects underwater, comprising: 

■:, a). A transmitting device attached to a first object to be located, comprising: 

- A signal generator for generating a signal, the frequent y f Q of which is 
in the ultrasound range; 

- A transmitting hydrophone for receiving said signal, ft r transforming 
the same into an ultrasonic wave, and for transmitting the same into the 
water; 

and 

b). A receiving-locating device carried by a second object searching the 
direction to said first object, comprising: 

- A receiving hydrophone for receiving the ultrasonic wave which is 
transmitted by the transmitting device of said first object, ai .d transforming 
it into an electrical signal; 

- An FM detector tunable to f 9 , to receive the electrical signal from the 
hydrophone, and to output an indicating voltage, the amplitude of which 
corresponds to the frequency shift Af between the electrical signal and the 
frequency f Q of the ultrasonic wave transmitted by the trar smitting device 
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of said first object; 

- Indication means for indicating the intensity and polarity of said 
indicating voltage. 

8. A system according to claim 7, wherein the transmitting hydrophone is 
an omnidirectional hydrophone. 

9. A system according to claim 7, wherein the receiving hy Irophone is an 
omnidirectional hydrophone. 

10. A system according to claim 7, wherein the first and sec md objects are 
first and second divers respectively. 

11. A system according to claim 10, wherein the signal generator is 
activated by the first diver in distress, thereby generating a signal defined 
as an emergency signal. 

12. A system according to claim 11, wherein the transmi:ting device is 
further provided with a button, that, when pushed by the diver, activates 
the emergency signal. 

13. A system according to claim 7, wherein the indication means is a visual 
indicator. 

14. A system according to claim 13, wherein the visual indicator is an 
analog indicator in the form of a scale. ... 

15. A system according to claim 13, wherein the visual indicator is an 
indicator comprising lighted segments, each segment representing a range 
of voltage of the indicating voltage, and the single segment v 'hich is lighted 
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corresponds to the level of the indicating voltage at that time, 

16. A system according to claim 7, wherein the indication mes ns is a digital 
indicator. 

17. A system according to claim 7, wherein the indicating me ins is a sound 
indicator. 

18. A system according to claim 17, wherein the indicatng voltage is 
transformed into a sound signal, the frequency of which relates to the 
intensity and polarity of the indicating voltage, and said sound signal is 
transformed into the sound indicator. 

19. A system according to claim 18, wherein the sound ir dicator is the 
earphones of the diver. 

20. A method of directing a second member to the location of i first member 
when both members are underwater and in relative motion, comprising the 
steps of: 

(a) predefining an ultrasonic frequency transmittable underwater; 

(b) providing to the first member and to the seco id member a 
transmitting and receiving apparatus for transmitting and receiving 
underwater ultrasnic signals; 

(c) transmitting an ultrasonic signal at said predeterm iied frequency 
from a location of the first member; 

(d) receiving said transmitted ultrasonic signal at a l ocation of the 
second member; 

(e) determining a frequency shift representing a difference in 
frequency between said transmitted signal andf said received signal; 
and 

(f) determining a direction in which said frequency sh: ft is positively 
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maximized, said direction indicating a direction in which to be traveled 
by said second member in order to locate said first memb 3r. 

21. An underwater locating device comprising: 

- An ultrasonic transmitter for transmitting underwater ultrasonic 
signals at a predetermined reference frequency; 

- an ultrasonic receiver for receiving an underwater ullrasonic signal 
having a received signal frequency; 

- a frequency detector for detecting a frequency differenc j between said 
received signal frequency of said received underwater ul xasonic signal 
and said predetermined reference frequency; and 

- an indicator for indicating said frequency difference. 

22. A locating device comprising: 

- a transmitter for transmitting signals at a predetermined reference 
frequency; 

- a receiver for receiving a signal having a received signa. frequency; 

- a frequency detector for detecting a frequency differenc ; between said 
received signal frequency of said received signal and said 
predetermined reference frequency; and 

- an indicator for indicating said frequency difference. 
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ABSTRACT 

A method for locating a first member by a second member, both members 
being under water and being in relative motion one with respect to the 
other, comprising: 

a. Predefining an ultrasonic frequency common to both said n. embers; 

b. Providing to the first member a transmitting apparatus suitable to 
transmit said common frequency, and to the second memb it a receiving- 
locating apparatus tuned to receive in said common frequency; 

c. Transmitting into the water from the location of said f .rst member a 
signal in the form of an ultrasonic wave, having said predefined frequency; 

d. Determining by the apparatus of said second member the shift 6f of the 
frequency of the received signal from said predefined frequen :y; and 

e. Determining by said second member the direction in which the said 
frequency shift is positively maximized, said direction ndicating the 
direction to the first member. 
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